Abstract: Hyperprolactinemia is a common adverse effect observed in children with autism spectrum disorder (ASD) during pharmacotherapy with risperidone. The main aim of this study was to investigate important clinical factors influencing the prolactin response in risperidone-treated Thai ASD. A total of 147 children and adolescents (127 males and 20 females) aged 3-19 years with ASD received risperidone treatment (0.10-6.00 mg/day) for up to 158 weeks. Prolactin levels were measured by chemiluminescence immunoassay. The clinical data of patients collected from medical records -age, weight, height, body mass index, dose of risperidone, duration of treatment, and drug-use pattern -were recorded. Hyperprolactinemia was observed in 66 of 147 (44.90%) subjects. Median prolactin level at the high doses (24.00, interquartile range [IQR] 14.30-29.20) of risperidone was significantly found to be higher than at the recommended (16.20, IQR 10.65-22.30) and low (11.70, IQR 7.51-16.50) doses of risperidone. There was no relationship between prolactin levels and duration of risperidone treatment. Dose-dependence is identified as a main factor associated with hyperprolactinemia in Thai children and adolescents with ASD treated with risperidone. This study suggests that risperidone treatment causes prolactin elevations and the effects of risperidone on prolactin are probably dose-related in pediatric patients.
Introduction
Autism spectrum disorder (ASD) is a lifelong developmental disability characterized by the three main symptoms of 1) significant impairments in social relationships, 2) language and communication deficits, and 3) restricted interests. 1, 2 Although autistic disorders are not very common, their current rates are higher than previously reported rates. The Autism and Developmental Disabilities Monitoring Network has estimated ASD prevalence to be around one in 68 children aged 8 years. 3 Furthermore, the use of antipsychotic drugs has been increasingly suggested as a support to treatment of a variety of symptoms in autism. The US Food and Drug Administration (FDA) has approved the use of risperidone in children and adolescents aged 5-16 years old who have symptoms of irritability associated with autistic disorder. 4, 5 Although this antipsychotic can be effective in core-symptom reduction in youths with psychiatric disorders, it is also associated with mild adverse effects, especially hyperprolactinemia. 6, 7 Risperidone is one of the antipsychotics that most often induce hyperprolactinemia by blocking the dopamine D 2 receptors (DRD2) in the anterior pituitary gland. 6, 8, 9 Hyperprolactinemia can cause galactorrhea, amenorrhea, gynecomastia, hirsutism, loss of libido, impotence, and infertility. In addition, long-term hypogonadism owing 
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hongkaew et al to hyperprolactinemia has been associated with bone loss and osteoporosis. 8, 10 Several studies have revealed that clinical characteristics, including sex, dosage, and duration of treatment, may have an effect on prolactin levels. [11] [12] [13] Dose-related prolactin elevation has always been a main concern associated with the use of risperidone. In a previous study, increased levels in prolactin were noticed to be higher in the risperidone high-dose group than in either the risperidone low-dose group or placebo. 13 In addition to prolactin-related adverse events, oligomenorrhea can also be found. 13 Another cross-sectional retrospective study in risperidone-treated male youth reported that 68% of all patients had a prolactin level above the upper limit of normal, and risperidone also demonstrated a dose-dependent effect on prolactin levels. 11 Although risperidone produced dose-related increases in serum prolactin levels, a significant relationship was not found between prolactin levels and the duration of treatment. 11 Moreover, there is evidence that females show greater prolactin elevation than males when treated with risperidone. 12, 14 Hyperprolactinemia is the most common adverse effect of risperidone treatment in children with ASD. The primary aim of this study was to investigate the treatment effects of risperidone on prolactin levels in children and adolescents with ASD treated with risperidone in Thailand.
Materials and methods subjects
This was a retrospective cross-sectional study. Subjects were 147 (127 boys and 20 girls) Thai children and adolescent outpatients aged 3-20 years who had been diagnosed with autism spectrum disorders according to the Diagnostic and Statistical Manual of Mental Disorders, fourth edition. All the subjects were recruited from the Yuwaprasart Waithayopathum Child and Adolescent Psychiatric Hospital, Samut Prakan, Thailand from May 2012 to April 2013. All subjects gave informed written consent to participate in the study, which was approved by the ethics committee of the Faculty of Medicine, Ramathibodi Hospital, Bangkok, Thailand. All participants receiving a risperidone-based regimen for at least 4 weeks were enrolled in this study. Clinical patient documentation for all samples included sex, age, weight, height, body mass index (BMI), daily dose of risperidone, duration of treatment, and concomitant therapy, such as monotherapy or combination therapy. All participants were advised to take the medication before the morning blood draw. Patients were excluded if they were receiving concomitant treatments that could potentially affect risperidone metabolism and prolactin elevation.
Age-group and risperidone-dose classification were the principal variables in this study. We compared these against serum prolactin levels in children (3-12 years) and adolescents (13-19 years) , because at present only limited data are available concerning physiologic levels of prolactin during these periods of life. 10 Recommended risperidone dosing for pediatric indications from the FDA was adjusted to categorize subjects into three groups, according to weight: low dose, recommended dose, and high dose. For most patients, the recommended starting dose of risperidone is 0.25-0.5 mg/day if their body weight is less than 20 kg or 0.5-1 mg/day if their body weight is greater than or equal to 20 kg. If patients took less or more than FDA recommendation, this was classified as low or high dose, respectively.
serum prolactin measurement
A fasting morning blood sample was analyzed with a chemiluminescence immunoassay system (Immulite 1000; Siemens Healthcare Diagnostics, Shanghai, People's Republic of China) in the laboratory of Yuwaprasart Waithayopathum Child and Adolescent Psychiatric Hospital. Hyperprolactinemia was defined as a prolactin level above percentile 97.5 on the basis of normative data for age and sex (according to Elmlinger et al). 15 
statistical analysis
Discrepancies between data distribution and normal distribution were examined by the Kolmogorov-Smirnov test for each group. Descriptive statistics were used to describe the clinical characteristics of the subjects. Data are expressed as medians and interquartile ranges.
Fisher's exact test or Pearson's χ 2 test was used to compare differences in patient characteristics between hyperprolactinemia and nonhyperprolactinemia in children and adolescents with autism. The nonparametric Kruskal-Wallis (comparisons among more than two groups) and Mann-Whitney rank tests (comparisons between two groups) were used to compare differences in median values (interquartile range). Accordingly, the nonparametric Spearman rank correlation test was used to measure relationships between two continuous random variables. SPSS version 18 for Windows was used to analyze all tests, which were two-sided, and P-values of less than 0.05 were considered statistically significant.
Results
A total of 147 participants had complete data and were included in the analysis. , respectively. Almost all the participants were males (86.39%). The mean risperidone dose of the subjects was 1 mg/ day or 0.03 mg/kg/day (standard deviations 0.93 mg/day and 0.03 mg/kg/day, respectively), and mean duration of therapy was 46.06 months, respectively. Most patients were treated with risperidone at the FDA-recommended dose (65.99%); the remaining patients with higher than FDA-recommended dose (23.81%) and lower than FDA-recommended dose (10.20%). The median serum prolactin concentration of the study was 16.60 ng/mL for all patients.
Sixty-six patients (44.90%) had hyperprolactinemia: 64 (96.97%) were male and two (3.03%) female; 50 (75.76%) were children and 16 (24.24%) adolescents; 36 (54.55%) were using only risperidone and 30 (45.45%) were using concomitant medication; and four (6.06%) were in the low-dose group, 38 (57.58%) in the recommended-dose group, and 24 (36.36%) in the high-dose group. The clinical characteristics of the patients were classified into two groups, according to the hyperprolactinemia (n=66) and the non-hyperprolactinemia (n=81). Using Pearson's χ 2 test or Fisher's exact test of each parameter between two groups, the results showed that there was a statistically significant relationships between the presence of hyperprolactinemia and sex (P=0.001) and risperidone-dose group (P=0.004). However, there was no significant relationship in age-group and type of drug use found between patients with and without hyperprolactinemia, as summarized in Table 2 .
For prescribed risperidone, the median concentrations of serum prolactin were 11.70 ng/mL (n=15, 10.20%), 16.20 ng/mL (n=97, 65.99%), and 24.00 ng/mL (n=35, 23.81%) in the low-dose, recommended-dose, and high-dose groups, respectively. These findings showed that there were statistically significant differences in prolactin level among three groups (P=0.002). The median prolactin level at the high dose was significantly higher than at the recommended dose and low dose (Table 3 and Figure 1 ).
This finding confirmed that prolactin levels were positively and significantly associated with risperidone dose (r s =0.309, P0.001), as shown in Figure 2 . However, no statistical correlations were found between prolactin concentrations and age, weight, height, BMI, or duration of treatment in total patients (Table 4) .
Discussion
To the best of our knowledge, this is the first study in a Thai and Asian population examining the frequency of hyperprolactinemia in children with ASD treated with risperidone. The high prevalence of hyperprolactinemia (44.90% of total patients) was found in this sample, which is broadly consistent with the frequency of risperidone-induced hyperprolactinemia found in pediatric populations studied by other investigators: 34 of 50 (68%) by Stevens et al 11 53 of 107 (50%) by Calarge et al 16 and 23 of 49 (47%) by Roke et al. 17 Several reports have indicated that risperidone produced significantly greater increases of prolactin concentrations, as well as a higher frequency of hyperprolactinemia, than other antipsychotic drugs. 11, 18, 19 Our results support the conclusions of previous hyperprolactinemia studies in children and adults that risperidone has a tendency to produce prolactin elevations.
The dose effect of risperidone on serum prolactin concentration was evident in this study. Risperidone produced dose-related elevation of serum prolactin concentrations in children and adolescents with ASD (in terms of risperidonedose group and mg/day; Figures 1 and 2 ). This study is consistent with some of the literature on both pediatric and adult patients showing that risperidone exhibits a dose-dependent effect on prolactin levels. 20, 21 Another study in psychiatric children and adolescents discovered that patients taking a risperidone dose increased by 1 mg/day may have raised mean prolactin levels by 3.6 ng/mL (analyzed data using a random-intercept linear model). 7 Our findings indicate that this is an issue that clinicians need to consider in prolactin levels with patients on risperidone.
Reasons for correlations between prolactin concentrations and duration of treatment were not found, which may be explained by a difference in the duration of medication. Prolactin response tends to be more pronounced in the acute 
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hyperprolactinemia in Thai autism spectrum disorder phase than in the chronic phase 12 and the decreased tendency of some atypical agents compared to conventional agents. In our study of duration, treatment was followed up for a number of years (from 1 to 152 months), which failed to show a significant association between prolactin level and the length of drug treatment for risperidone. A similar study also indicated that a long interval of risperidone treatment did not indicate any statistically significant correlation between duration of treatment and prolactin level. 11, 22 This study has some limitations that should be taken into account when interpreting the results and should be addressed in future studies. First, the small number of patients in this study greatly limited comparisons, particularly in females. The FDA has notified that treatment with antipsychotic medications increases the risk of adverse effects, and several studies have confirmed that some medications are riskier than others. [23] [24] [25] Children and adolescents with autism in this study have regularly undergone reassessment to adjust doses. Adverse effects also occurred less often than in adults.
In all cases, baseline prolactin levels prior to the initiation of antipsychotic therapy were not available for comparison, and no comparable group on another atypical antipsychotic agent was available. All participants were advised to take the medication any time before the morning blood collection. The study did not eliminate the influence of hormone levels associated with menstrual cycle phase in premenopausal females. Although prolactin levels were generalized to age and sex, the potential fluctuation of prolactin levels with the female menstrual cycle, in which prolactin response is associated with estrogen activity, should be borne in mind. Other genetic polymorphisms that might affect prolactin concentrations, including 5-hydroxytryptamine (serotonin) receptor (HTR) and P-glycoprotein (ABCB1) genes, and also other CYP2D6 and DRD2 variants, were not investigated. This study did not comment on whether people had symptoms (such as amenorrhea or others mentioned earlier) as a result of the increase; it only reported that in the lab, prolactin levels were increased in the patient's blood. It should also be noted that lower doses can also cause serious adverse events. 26 In conclusion, hyperprolactinemia was present in 44.90% (66 of 147) of patients. This study suggests that risperidone treatment causes prolactin elevations, and the effects of risperidone on prolactin are probably dose-related in pediatric patients. Prospective studies should include a larger patient sample population for risperidone-treated children and adolescents with autism. This information will be helpful to clinicians by providing significantly important clinical information to properly inform therapeutic practice and prevent sexual dysfunction consequently in autistic children treated with risperidone.
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